factor in the malnutrition associated with alcoholism is that ethanol is a very good source of metabolic energy and can come to be used instead of some, or all, of the components of a normal balanced diet (see Morgan, 1982) . The resulting deficiencies can themselves exacerbate these dietary inadequacies by impairing intestinal absorption or metabolite utilization. For example, folate deficiency, which may often be associated with alcoholism (see Chanarin, 1982) , can cause impaired intestinal absorption.
This folate deficiency may be compounded by an increased requirement for this vitamin to overcome the effects of ethanol on the haematopoietic process (Sullivan & Herbert, 1964) . The mechanisms that lead to this increased requirement are unclear, although ethanol consumption may increase folate catabolism (Kelly et al., 1981) or alter the degree of conjugation of cellular folates (Brown et al., 1973) .
Severe protein malnutrition can occur in chronic alcoholics, and this can lead to changes in the structures and functions of the intestine and pancreas that impair absorption. Such effects appear to be readily reversible, even in alcoholics, by administration of high-protein diets (see Morgan, 1982) . Im- balances in the concentrations of circulating amino acids are frequently found in alcoholics, and these can lead to brain damage, perhaps by affecting the synthesis of cerebral proteins, the metabolism of some neurotransmitters and the rates of ammonia formation and excretion (see Pratt, 1980) . The lipid deposition that occurs in the liver as a result of chronic ethanol consumption, and which may eventually result in cirrhosis, is VOl. 1 1 exacerbated by lack of essential amino acids in the diet, but a protein-rich diet cannot prevent the development of alcoholic fatty liver (Lieber & Rubm, 1968) .
Thiamin deficiency can lead to brain damage (the WernickeKorsakoff syndrome) that is similar to that frequently encountered in chronic alcoholics (for a review see Thomson & Ron, 1982) . It has been suggested that thiamin may play a direct role in the ionic permeability of cell membranes (Itokawa & Cooper, 1970) and, since ethanol also affects membranes, one of the direct effects of ethanol could be rather similar to that of thiamin deficiency. Direct effects of ethanol on the activities of neurons have, indeed, been demonstrated by electrophysiological techniques (Sasa et al., 1982) . Although Pratt, 1980) .
In addition to the deficiencies discussed here, many others could be important in determining the effects seen in chronic alcoholics (see, e.g., Morgan, 1982 ; Thomson & Ron, 1982) , and it is perhaps unlikely that human subjects will be found where the effects of chronic ethanol ingestion are not complicated to some extent by such deficiencies. Such problems need not be encountered in studies with experimental animals, where dietary factors can be strictly controlled, but unfortunately laboratory animals do not appear to be entirely satisfactory models for the situation in man (for a review see Bardsley & Tipton, 1980) , and so the results of such studies must be interpreted with caution.
Metabolic aspects
Several Despite these demonstrations that genetic elements, in addition to environmental factors, may be involved in various aspects of the responses to ethanol, no biochemical markers for susceptibility to these conditions have yet been unequivocally demonstrated. It has been suggested that the tendency to excessive drinking may be part of a general 'sensation-seeking' behaviour profile that is prevalent in probands with low platelet monoamine oxidase activities, the 'high-risk paradigm' of Many studies have investigated possible relationships between the enzymes of ethanol metabolism and its effects. The phenomenon of alcohol-sensitivity appears to be associated with the presence of a specific isoenzyme of alcohol dehydrogenase, the 'atypical' enzyme, that is particularly active under physiological conditions (von Wartburg et al., 1974; Harada et al., 1980) and will thus result in a rapid rise in acetaldehyde concentrations after ethanol ingestion. Higher-than-normal blood acetaldehyde concentrations after ethanol ingestion have also been reported in relatives of alcoholics (Schuckit & Rayses,
1979
; but see Eriksson, 1980) , suggesting an enhanced rate of ethanol oxidation or a depressed rate of acetaldehyde clearance. It has been suggested that another isoenzyme of alcohol dehydrogenase, the Ir-isoenzyme, which has a particularly high K , for ethanol, may be associated with alcoholism in some way (Li et al., 1977) . It is, however, unlikely that the activity of alcohol dehydrogenase is important in determining the rate of alcohol clearance, since the limiting factor appears to be the reoxidation of NADH (see, e.g., Cornell et al., 1979; Lindros et al., 1972; Videla & Israel, 1970) . The increased capacity to metabolize ethanol that may result from its chronic consumption (Ohnishi & Lieber, 1977) and, perhaps, an increased availability of H,O, that could stimulate the catalasedependent oxidation of ethanol. Under normal conditions these systems contribute only a small proportion to the total ethanol-oxidizing activity (Havre et al., 1977) .
In line with the increased acetaldehyde concentrations found in the blood of alcoholics and their relatives, Jenkins & Peters (1980) have reported the activity of human liver cytosolic aldehyde dehydrogenase to be decreased in alcoholics. There are several forms of aldehyde dehydrogenase in liver, and in many species, including the rat (Parrilla et al., 1974; Tank et al., 1981; Tipton et al., 1981), only the enzyme located in the mitochondrial matrix, rather than those associated with the cytosol or microsomal fraction, shows significant activity at low concentrations of acetaldehyde. From the results of subcellular fractionation studies on human liver biopsy samples, Jenkins & Peters (1978) concluded that the cytoplasmic form of the enzyme would play a much more important role in man. The results of our own studies with human liver samples obtained intra-operatively, shown in Table 1 , do not support this conclusion, but suggest that, as in the rat, the mitochondria1 enzyme will play the major role in acetaldehyde metabolism except at very high concentrations. Thus the significance of the lower activities of the cytosolic enzyme remains to be clarified.
In order to investigate the possibility that aspects of ethanol-susceptibility may involve differences in the isoenzymes involved in its metabolism, we studied the forms spearated by polyacrylamide-gel isoelectric focusing from liver biopsy samples that had been taken to explore possible liver damage. After isoelectric focusing in the pH range 9-1 1, and staining for alcohol dehydrogenase activity, a family of enzyme forms could be seen, similar to those reported by Goedde et al. (1979) . but a comparison between subjects diagnosed to be alcoholic (n = 18) and those not so (n = 20) revealed no consistent differences in the forms present or their intensity of staining. Isoelectric focusing (pH range 3.5-9.5) of subcellular fractions for human liver also revealed a number of forms that stained when acetaldehyde was used as the substrate, rather similar to those reported by Goedde et al. (1979) . Again no consistent difference could be seen between the samples from alcoholics and "normal" subjects. Such results can never be unequivocal, since it is possible that the patients diagnosed to be not alcoholic might all become so later, but they provide no evidence for a difference between alcoholics and others in terms of the isoenzymes of alcohol dehydrogenase and aldehyde dehydrogenase present.
The precise mechanism of action of drugs that act as general depressants of the central nervous system is still unknown. Indeed there are relatively few grounds for assuming that all act by a similar mechanism. However, the physical characteristics which they share, including particularly lipid-solubility, make it likely that they act at least partly by entering hydrophobic regions of the synapse (see Seeman, 1972) , where they probably disrupt transmission by affecting both postsynaptic receptormediated processes (see, e.g., Tabakoff et al., 1980) and the Ca2+-dependent presynaptic release of neurotransmitters (see, e.g., Carmichael & Israel, 1975) . If neurons adapt to the presence of depressant drugs, this might underlie tolerance at the level of the intact animal. It would be logical to seek the mechanism for such tolerance in hydrophobic areas of the synaptic membrane and in alterations in the presynaptic release of neurotransmitters. In the case of development of ethanoltolerance, current evidence suggests that altered lipid composition of the membranes of the synapse is associated with ethanol-tolerance and also that there are changes in the characteristics of Ca2+-dependent transmitter release at 'tolerant' synapses.
One of the changes that ethanol produces in vitro in synaptic membranes is a 'fluidization', which can be measured at pharmacologically relevant concentrations of the drug (Chin & Goldstein, 1977~) . Although it is not certain that this effect (which presumably stems from entry of ethanol into the membrane lipid bilayer) is directly related to the central depressant action of ethanol, it is a measure of the interaction of the drug with hydrophobic areas in the synaptic membrane. When synaptic membranes are obtained from animals made tolerant to ethanol, it can be shown that these are resistant to the ethanol-induced fluidization in oifro (Chin & Goldstein, 1977b) . In subsequent experiments it has been shown that this resistance to fluidization resides in the lipids of the membrane (Johnson et al., 1979) . Changes in lipid composition in synaptic membranes from ethanol-tolerant animals, which have been advanced as possible causes of this resistance, include an increase in the proportion of saturated fatty acyl chains in membrane phospholipids (Littleton & John, 1977) and an increase in the proportion of cholesterol (Chin et al., 1978) . It, has more recently been proposed that the mechanism by which these changes cause ethanol-resistance is by decreasing the partition of the drug into the membrane lipid bilayer, so lessening its disrupting effect (Rottenberg et al., 1981) .
These experiments offer strong, but indirect, evidence that cellular adaptation to ethanol by neurons occurs by a process of incorporation of different lipids into the membrane lipid bilayer.
This does not, of course, preclude other mechanisms, and also it does not assume that the primary effect of ethanol on neurotransmission is because of a fluidization of the membrane. Attempts to link tolerance to ethanol at the level of the intact animal with such a change in brain membrane lipid composition have met with at most mixed success (John et al., 1980; Koblin & Deady, 1981) , but experiments on isolated mammalian cells, which share some characteristics with neurons, such as blood platelets, have more recently offered a more direct way of investigating the role of membrane lipids in conferring cellular resistance to the functional effects of ethanol (Fenn & Littleton, 1982~) .
Ethanol at pharmacologically relevant concentrations inhibits human platelet aggregation in vitro by a mechanism that seems to involve inhibition of the platelet release reaction (Fenn & Littleton, 1982~) . The effect is greatest when aggregation and release are induced by the calcium ionophore A23187 or by collagen or by thrombin. No inhibition is produced when aggregation is induced by exogenous arachidonic acid. This spectrum of inhibition suggests that the main action is on Ca2+-stimulated platelet phospholipase A, (see Lapetina, 1982) . Alteration of the platelet membrane lipid composition by incubation in oitro with plasma containing different dispersed lipids provides evidence that both increasing phospholipid saturation and increasing membrane cholesterol can produce effects opposite to that of ethanol and could thus be appropriate cellular adaptive changes (Fenn & Littleton, 1982b) . However, the magnitude of changes in lipid composition produced by such procedures is greater than those reported in brain, suggesting that, although such changes may contribute to resistance to ethanol of cell function, they may not be the sole cause.
